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The distribution of a gluon condensate in a flux tube is calculated. The result is that the chromo- 
electric fields are confined with a surrounding coset chromomagnetic field. Such picture presents the 
concrete realization of dual QCD model in a scalar model of the flux tube. In the scalar model the 
SU(3) gauge fields are separated on two parts: (1) is the 5*17(2) C SU(3) subgroup, (2) is the coset 
SU(3) / SU(2). The SU(2) degrees of freedom are almost classical and the coset degrees of freedom 
are quantum ones. A nonperturbative approach for the quantization of the coset degrees of freedom 
is applied. In this approach 2-point Green's function is a bilinear combination of scalar fields and 
4-point Green's function is the product of 2-points Green's functions. The gluon condensate is an 
effective Lagrangian describing the SU(2) gauge field with broken gauge symmetry and coupling 
with the scalar field. Corresponding field equations give us the flux tube. 
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i— i I. INTRODUCTION 

i ' The problem of quark confinement has been one of the central problem of the high energy physics for years, where 
according to the dual QCD picture the QCD vacuum behaves like a dual superconductor and the condensation of 
monopoles plays a vital role in the whole confinement mechanism. In the dual picture of QCD the monopoles 
get condensed and an Abrikosov vortex is formed between quark - antiquark, which gives rise to the infinitely rising 
linear confining potential. For review of dual QCD, see @. 

One of the problems in a nonperturbative QCD is the determination of the condensates of the QCD vacuum. It 
is well known that the condensates can only be determined in a nonperturbative formulation of the QCD. There is a 
' long history of attempts to determine the gluon condensate from first principles Q. 
\Q , The problem of the quantization of strong interaction is the problem of a nonperturbative quantization. The solution 
t-H ' of this problem is connected with the search of nonperturbative technique. It means that in the nonperturbative 
quantization technique we must exclude the words quantum, propagators and so on, i.e. all words connected with the 
perturbative technique (Feynman diagrams). 

In this paper we calculate the gluon condensate of flux tube and show that the dual QCD picture is realized in a scalar 
t— I • model of flux tube between quark - antiquark. In this model the SU(3) gauge potential g SU(3),B — 1, 2, • • ■ ,8 
is separated on two parts: 
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• the first one is the gauge components A h ^ 6 SU(2) C SU(3), b = 1,2,3 which is in a classical state; 



• the second one is A™ G SU(i)/ SU(2), m — 4, 5, 6, 7, 8 and it is in a quantum state. 



One can say that A^ is in an ordered phase and A™ is in a disordered phase. The effective Lagrangian for such system 
(which up to a sign is the SU(3) gluon condensate) can be obtained using nonperturbative quantization method with 
some assumptions and approximations (see Q for the application of this method for a glueball scalar model) . Briefly 
saying in the scalar model the 2-point Green's function of color quantum field can be approximately presented as 
the product of scalar fields with some coefficients having color and Lorentzian indixes. 4-point Green's function is 
decomposed as the product of two 2-point Green's functions. 

One can say that the quantum strongly interacting fields are not a cloud of quanta but is more similar to a turbulent 
fluid with a non-zero mean velocity and fluctuations about it. In QCD it corresponds to a longitudinal chromoclcctric 
field in the flux tube and quantum fluctuations of the gauge field. 
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II. FLUX TUBE SOLUTION 



In Appendix we have obtained an effective Lagrangian (which is up to a sign the SU(3) gluon condensate) 
describing the situation where there are ordered and disordered phases 



£eff = (c su{3) ) = -± (fi B ^ u ) = + \es - \ (h 2 - 4L) 2 

\d^ka^ |0| 2 - \ (mX v + \a™ [(b.c <t>*<t>» + (b 2 )T <M>;] 



(i) 



where F£„ = d^Al - d„A% + e abc A b A c v is the SU(2) field strength; a, b, c = 1,2,3 are the SU(2) color indexes; e abc 
are the structure constants for the SU(2) gauge group and g is the coupling constant. We do not know the values of 
coefficients E, D, M 2 ,Bi, 2 an d for the simplicity we choose their in the form 

E^ =6>* 

/ 7i r2\ 2 z-ab ci/ ■ 

[M J =^ a " n0 summation over a, 

(sor =(B 2 y/ = o. 

Then the effective Lagrangian is 



The field equations are 

1 

Mi 



_ DvF a^u = M0| — j A a ^\ no summation over ot, (4) 



-A^(|0| 2 -0L) +AlA a ^. (5) 
The solution we search in the following form 

A\(p) = f(p) ] A\(p) = v(p); <j>{p) = <t>(p) (6) 
here z,p,ip are cylindrical coordinate system. The substitution into equations @ (JS|) gives us 

f"+ f - = /(0 2 + « 2 -m 2 ), (7) 

v" + - = «(0 2 -/ 2 -m 2 ), (8) 
x 

0" + ^ = 0[-/ 2 + « 2 + A(^-^)] (9) 



here we redefined g<j)/ (f)(0) (f>, f /(f)(0) -> /, v/ (f)(0) -> u, g^oo/ (f)(0) -> /U, gm lt2 /(p(0) -» mi,2, py/<j>(0) -¥ x. The 
color electric and magnetic fields arc 

4> = -/'> f2 p = -^ = ( 10 ) 

For the numerical calculations we choose the following parameters values 

A = 0.1, 0(0) = 1, w(0) = 0.5, /(0) = 0.2. (11) 

We apply the methods of step by step approximation for finding of numerical solutions (the details of similar calcu- 
lations can be found in Ref. Q). The numerical calculations give us the eigenvalues m* ps 1.23258, m* 2 ps 1.18069, 
p* « 1.3136 and eigenfunctions v*(x), f*(x), (f>*(x). The numerical solution is presented in Fig's. [T]-[2] One can show 
that the flux of the chromoelectric field is nonzero 

oo 

$ = 2tt / pFldp ± 0. (12) 



FIG. 1: The functions f*(x),v*(x),(j>*(x) 



FIG. 2: The profiles of color fields F^ p {x) = -/', F? p {x) 
-v',Fl{x) = f(x)v(x). 



III. THE GLUON CONDENSATE DISTRIBUTION IN THE FLUX TUBE 



The distribution of the gluon condensate (J~ p A u J- AtJ,l/ ') in the flux tube can be found from the effective Lagrangian 
([3|). The coset gluon condensate is 




electric field is predominant but if G(x) > then the chromomagnetic field is predominant. The substitution of the 
ansatz © into the gluon condensate l|13p gives us following 



The profile of G(x) is presented in Fig. [3] and in Fig. @]one can see a schematical presentation of the flux tube with 
the distribution of chromoelectric and chromomagnetic fields. We see that the flux tube has a core (in blue) where the 
quantum fluctuations of chromoelectric field and the longitudinal classical chromoelectric field E\ are concentrated. 
These chromoelectric fields are confined by a belt (in red) filled with the chromomagnetic field. That is exactly what 
us say the dual QCD model: In the dual superconductor picture of the QCD vacuum, chromomagnetic monopolcs 
(creating chromomagnetic field) condense into dual Cooper pairs, causing chromoelectric flux to be squeezed into 
tubes. In this connection one can note that: (a) in Ref. [6[ it is derived the string representation of field correlators 
and it is shown that the obtained results are in agreement with the stochastic model of QCD vacuum; (b) it is possible 
that the gluon condensate is created not only by monopoles but dyons also Q. 



Here we have shown that using nonperturbative quantization technique one can obtain a flux tube connecting 
quark - antiquark. In such tube a longitudinal chromoelectric field and quantum fluctuations of chromoelectric and 
chromomagnetic fields are presented. In our approximation the fluctuations of quantum gauge fields with a scalar field 
are described: 2-point Green's function is a bilinear combination of the scalar fields. The proportionality coefficients 
carry on themselves color and Lorcntzian indexes. 4-point Green's function is the product of 2-point Green's functions. 
In this approximation one can average SU(3) Lagrangian and obtain an effective Lagrangian, i.e. to calculate gluon 
condensate. The effective Lagrangian describes SU(2) gauge field with broken gauge symmetry and coupling to the 
scalar field. 

In the presented model the SU(3) gauge field is separated on ordered (almost classical SU{2) gauge field) and 
disordered (quantum gauge fields belonging to the coset SU(3)/SU(2)) phases. The ordered phase is the longitudi- 
nal chromoelectric field. The disordered phase is the coset gluon condensate. We have found that the SU(3) gluon 
condensate in the flux tube has interesting space distribution: (a) at the core of the flux tube are the SU(2) longitu- 
dinal chromoelectric field and the quantum fluctuating coset chromoelectric field, (b) round the core is the quantum 




2r2 1 22,1 ,2 1 / „<i 2\ ±2 , ^ / ±2 2\ 2 

-/ v +-mj --m 2 v +-<j> --(/ -v)<f> + -(<^ -n) . 



(14) 



IV. DISCUSSION AND CONCLUSIONS 
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FIG. 3: The SU(3) gluon condensate G(x). 1 is the area 
where chromoelectric fields are predominant. 2 is the area 
where chromomagnetic fields are predominant. 



FIG. 4: Sketchy description of the distributions of chro- 
moelectric and chromomagnetic fields: (1) blue is the re- 
gion where the chromoelectric field is predominant and 
(2) red is the region where the chromomagnetic field is 
predominant. 



fluctuating coset chromomagnetic field. Such distribution confirms the dual QCD picture: the chromomagnetic field 
confines the chromoelectric fields into the tube. 

Thus the correctness of the presented approach are completely borne out by two conclusions: (a) the flux tube 
solution is obtained, (b) the distribution of gluon condensate in flux tube is in agreement with the dual QCD picture. 
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Appendix A: The calculation of gluon condensate - effective Lagrangian 

The SU(3) Lagrangian is 

^(3) = -^ B ^ (Al) 

where T B V = d^A B - d v A B + gf BCD A^A B is the field strength; B, C, D = 1, . . . , 8 are the SU(3) color indices; g is 
the coupling constant; f B are the structure constants for the SU(3) gauge group and g is the coupling constane. 
Our goal is to average quantum version of the Lagrangian (|A1| which is up to a sign the SU(3) gluon condensate 

<^a(3)> = - i ^(^^) (A2) 

with some approximations concerning to 2 and 4-point Green's function 

CPp(x u x % ) = (A™{ Xl )A" v {x 2 )) , (A3) 
G^ < ?(x 1 ,x 2 ,x 3 ,x 4 ) = (A™( Xl )A:(x 2 )Ar(x 3 )AUx 4 )) (A4) 
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where {■ • • ) is a quantum averaging over some quantum state \tp), and A™ £ SU(3)/SU(2), m = 4, 5, ■ • • , 8 in (|A2[) 
(|A3j) are the operators but A h ^ £ SU(2), b = 1, 2, 3 are classical degrees of freedom. Below we will omit the operator 
symbol ). 

Taking into account that 

= F« v + r m A™Al, (A5) 
?J2, = (Fo)l l u + .r pq APAl + r nb (A^A b [/ -A:Al) (A6) 

we have 

( F o)™ (Fq)" 1 ^ + /"^^/""'MP^^^yl^ + f mna f™pb [A^Al - A n v A a ^ (A p » A bv - A*"^) + 



a inn 



(A7) 



(F )™ A*M«"+A£j1« (FqH 
/ mBO |(F )™ (A""^ - A ni/ A a ") + (A^Al - A n u Al) {F ) m ^ 

jmpq jmna j^q j^tip j^av j^nv j^a^ _|_ _ ^4™^4 a J A Pf * A Ql, ~\ 

where F^„ = d M ,4£ - <9„,4£ + j ahc A\A c v £ SU(2) C SU(3); (F )™ = <9 M A'J l - d v A™. For the calculation of the 

gluon condensate we need some information about 2 and 4-points Green's functions. We will assume that in our 
appoximation 

(G 2 )™ n ( Xl ,x 2 )(A™( Xl )AUx2)) « CpttxxWW+m™, (A8) 

(A^O^a)^)^*)) « (^(x 1 )^(x 2 ))(AP(x3)A^(x 4 )) (A9) 

with following properties 

C;i n = C™, (A10) 

ro™ = m™. (All) 

The ansatz (|A8|) (|A9|) is similar to a model in which the QCD vacuum is simulated by a stochastic background field 
[1] [n|. The difference is that we use the ansatz (|A8I) (|A9|) for the calculation of an effective Lagrangian describing 
the scalar field describing 2-point Green's function. 
Using (|A8|) one calculate 



((d,AZ\x))Al{x)) = ±-(A™{y)Al{x)) 



CZ?d M 4>(x)<f>*(x). (A12) 



For the calculation of the gluon condensate (|A2|) we need to take into account the decomposition (|A7[) and the form 
for 2 and 4-point Green's functions (|A8Jl (|A9|) . At first we will calculate 



F^A m/ M fu ' = (A13) 
as F£ v = —F^ is antisymmetric but (G2)™™ = (Gv)™* is symmetric. Using (|A8|) (|A9|) we have 

jamnjapq J% A PV = Xl (|0| 2 - 0^)' + <7j (A14) 



where Ai = f amn pviQ^C^ '; -20^ Ai = [C^fm^ + C^m™™] and 0^Ai +C 

f amn f a Mfh™m?«i w . The same for 



/ mp9 / mrs (^A«A r M"') = A 2 (|0| 2 - 2 OO ) 2 + C 2 (A15) 



where A 2 = f n ^f nT 'C^C r '^'\ -20 2 O A 2 = /"*w/">" [C™m ra ' iv + (T'^fh™ ] and ^A 2 + C ; 
f m ™f mra r^ v m ra > iV . Next is the calculation of 



2 



((*b)™ (F ) m ^) = 2C™ m » \^\ 2 - 2CT"'W = -2E^<f>* v . (A16) 
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The next is 



jmnajmpb ((^n^a _ A nj^\ _ A PV A^)) = (C at '5" - A®A bfl \(j)\ 2 + 

, ' (A17) 

[m ab 5 u - m*] A a v A bil = -2D aby A^A^ \4>\ 2 + 2 (M 2 ) A^,A bfi 



wlieie C a ^ 2 l j" mna f 7n Pb(J n Pf 1 - ^ohv i^jmna jmpb^jnpu . ^ a & ^jmnajmpb^npp, Tfl a ^ )l ' ^j'tnnajrapb^npu r p]^ 

next is 



(A18) 



(Vo)™ - A nv A aiJ -) + (A™A® - A n v A a ^ (F ) m ^ 

2f mna A au [(^n/i _ p-^J) ^ + _ CJJ"»o^) = 0*^ + (B 2 )° 

The next is 

(A^Al (A n ^A au - A nu A afl ) + {A^Al - A n v A a ^ A^A qv ) = (A19) 

as we assume as usually that schematically (A™) 3 = 0. Collecting all together we have 

1 .... „„.... 1 .... . .... A /, ,o ,o \ 2 



l _ D abu A a Ab , | |2 _ 1 ( M 2)«6* + 1^ ^ + ^ 



(A20) 



here we have redefined 4>/g — > <fi and g 2 (Ai + A2) — > A. All coefficients E,\,(j> 00 ,D,M 2 ,Bi i 2 are linear or bilinear 
combinations of C.W and in'', and we omit unessential constant. Finally we have the Lagrangian describing SU(2) 
gauge theory coupling to a scalar field. Let us note that the sum 

\E^ V + \A™ + (B 2 )T + \Df»AlA b » \4>\ 2 (A21) 

is similar to the kinetic term for a color scalar field in corresponding Lagrangian 

D fl (f> a D f "<l)* a = \d^ a + e abc A b ^ c \ 2 . (A22) 
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